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 The principle point of this examination work is to recognize the butane, 
Acetone, Propane, ethane, LPG and other natural gases from the strong waste 
and do condition checking. Here the arrangement of sensors used to identify 
the poison gases from strong waste. Here our point is to build up a sensor 
cluster framework which will identify most extreme contamination gases and 
which is very responsive, minimal effort and low power devouring. We have 
assumed three sensors in position of six sensors and given the outcomes as 
fluctuation, score plot and stacking plot. Here we utilize the parallel factor 
analysis (PARAFAC) for identification of gases and contrast it and the key 
part investigation Principal component analysis (PCA). We confiscated three 
sensors in position of six sensors and given the outcomes as variance, 
score plot and loading plot. Electronic noses have given a plenty of 
advantages in different logical research fields. Here our point is to build up a 
sensor exhibit framework which will distinguish most extreme contamination 
gases and which is profoundly responsive, exact and minimal effort and low 
power expending. Here we utilize the parallel factor investigation method 
(PARAFAC) for discovery of gases and contrast it and the primary segment 
examination (PCA). 
Keywords: 
Electronic aroma detector 
E-nose device 
Multi sensor array 
Odor concentration 
Sensors 
Copyright © 2019 Institute of Advanced Engineering and Science.  
All rights reserved. 
Corresponding Author: 
Shri Om Mishra,  
Department of Electronics and Communication Engineering, 
Integral University, 





1. INTRODUCTION  
The goal of this work is upgrades in the segregation of complex smell tests with inconspicuous 
contrasts in scent design. The fundamental target is utilization of hydrocarbon compound database 
recognition utilizing diverse mix of nose sensors exhibit utilizing PARAFAC (parallel factor examination) 
technique. In this work we check the order precision of three hydrocarbons ethanol, propane gases at two 
measurement bunch space by PARAFAC. Take distinctive kinds of sensor exhibit blend to produce 
PARAFAC reaction more than two key parts. Gauge group covering of all the three(Acetone, Ethanol, 
propane) match of gases and the change of bunches, utilizing these outcomes we will at last discover best 
sensor exhibit mix set having least number of sensor cluster with minimum fluctuation esteem and most 
astounding arrangement execution. Electronic noses have been utilized as a bit of an affirmation of business 
agrarian related undertakings, which intertwine the developing segments of agronomy, biochemical 
managing, plant science, cell custom, plant cultivar choices [1].  
Contamination is the approach of debasement into the surroundings that causes a couple of 
exchange the earth round us. Spoiling can take the state of development substances including strong particles, 
fluid globules, or fuel [2] and quality which wires rattle, warmth, and light. An air poison is a substance 
recognizable all around that may impact tricky impact people and the natural structure in the around the 
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globe. So there's expanding call for territory and following of ozone depleting substances because of ascend 
in polluted gases [3]. In any case, in this paper we will most likely manage the trademark gases those are 
passed on by techniques for the solid waste and we can offer regard for Indoor air harms in light of the reality 
of the situation it's far focal characteristic hazard to success [4]. The best challenges had been learned about 
zone programs as the most frequently utilized sensors are touchy to shapes in barometrical conditions [5, 6]. 
The electronic nostril cause is to consistent after of the surface flood and underwriting of the relationship 
among the moved nose reactions and notice propel [7]. Quality oversees (QC) of the fragrance attributes of 
Manufactured stock is of focal criticalness in perspective of reality thing consistency is basic for Maintaining 
customer seal notoriety and fulfillment [8]. VOCs outpourings are solidly related to the treating the dirt 
methodology phases [9-11] disclosure of openings of toxic or perilous materials from pipelines or present 
day plants, and early forewarning of the conglomeration of unsafe fumes. The Figure 1 is showing the 





Figure 1. Functional component of Electronic nose 
 
 
2. LITERATURE SURVEY 
2.1. Electronic nose working principle 
The computerized nose transformed into cutting edge so one can emulate human olfaction whose 
highlights are non-separate component. Basically the instrument incorporates sensor exhibit, test redesign 
modules, and headspace examining, to produce sign example which can be utilized for portraying smells. 
One of the primary investigations to evaluate the likelihood of the utilization of an electronic nostril to 
recognize particular earth pertinent mixes was accomplished in 1995 by method for Hodgins [12].  
 
2.2. Techniques for pattern recognition 
The investigation included the utilization of two computerized noses, outfitted with MOS sensors, 
which were moved at conventional time interims to six exceptional positions in the poultry habitation. 
The sensor response insights had been examined by the PCA to envision the bunching of the estimations 
Principle Component Analysis (PCA) [13]. Field-recorded insights is urgent for achieving intense field 
adjustment systems with manufactured toxins total guidelines the utilization of sensor-combination 
calculations that are pleasantly tuned through regulated training [14, 15]. The preparation procedure requires 
a discrete measure of known example information to prepare the framework and is extremely effective in 
contrasting obscure examples with known references [16]. PCA is touchy to the relative scaling of the first 
factors. PCA was designed in 1901 by Karl Pearson [17]as a simple of the essential hub hypothesis in 
mechanics; it was later freely created and named by Harold Hotelling in the 1930s. This prompts flooding of 
waste and stances cleanliness dangers [18]. Data about sensors of metal oxide is outlined in Table 1. 
 
 
Table 1. Conduct of normal metal oxides as odor sensors 
Material Disadvantage Advantage 
Ga2O3 selectivity is low, sensitivity is 
average 
stability high, may operate at high temperatures 
to oxidizing gases 
SnO2 selectivity is low, depends on 
humidity 
sensitivity is high, stability is good in 
reducing atmosphere conditions 
In2O3 stability is low at low oxygen partial 
pressure 
responds fast as well as fast recovery, 
sensitivity is low to humidity 
WO3 Sensitivity is low to reducing gases, 
dependence on air humidity, slow. 
sensitivity is good to oxidizing 
gases, thermal stability is good 
CTO sensitivity is average stability is high, sensitivity is low to humidity 
 
 
2.3. Effect of organic gases on environment 
In contrast to fuel, unadulterated ethanol is nontoxic and biodegradable, and it rapidly separates into 
safe substances whenever spilled [19]. Compound denaturants are added to ethanol to make fuel ethanol, and 
a considerable lot of the denaturants are poisonous. Like gas, ethanol is an exceedingly combustible fluid and 
must be transported precisely. CH3)2CO dissipates quickly, even from water and soil. The CH3)2CO for fish 
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is 8.3 g/L of water (or around 1%) more than 96 hours, and its natural half-life in water is around 1 to 10 
days. CH3)2CO may represent a critical danger of oxygen exhaustion in oceanic frameworks because of the 
microbial utilization. The participatory detecting framework for air contamination checking and control 
utilizing phones, GPS innovation and sensors to shape a bidirectional versatile detecting data system [20].  
In the US, the world’s most prosperous country, the child poverty rate is a shocking 22% [21]. Since propane 
is regular in the two homes and work environments, the chances of being presented to hazardous 
centralizations of the gas are well inside reason. Propane is an asphyxiate, which means high centralizations 
of the gas can cause suffocation. Presentation to high focuses can likewise cause heart failure, obviousness or 
seizures. Managed contact with the skin can cause frostbite [22]. Propane introduction in lower focuses can 




3.1. Parallel factor analysis (PARAFAC) 
The example part of smell is gotten by making utilization of PARAFAC. PARAFAC (Parallel 
component examination) is a speculation of PCA (Principle component investigation) to all the more likely 
request clusters, anyway some of the qualities of the strategy are quite unique in relation to the ordinary 
comprising of there might be no revolution issue in PARAFAC, and e.g., unadulterated spectra can be 
recuperated from multi-way otherworldly records. Here, we connected PARAFAC to couple of dimensional 
clusters. The PARAFAC model can completely utilize the majority of the estimations of the distinction 
co-exhibit, rather than its fractional estimations as the revealed models [23]. A three-dimensional exhibit 
might be no ifs ands or buts viewed as a rigid of - dimensional frameworks of the equivalent length. Parallel 
factor analysis (PARAFAC) is displaying methods for observing unrefined petroleum components [24].  
A case for a - dimensional data cluster could be some deliberate variable, say the consideration of 
ozone (O3) inside the air, at restrictive cases of the day in remarkable geological areas. Two-route varieties 
of this compose are regularly decayed the utilization of (bilinear) Principal Component Analysis (PCA). 
The estimations presently wind up contingent upon three factors, and your cluster three-dimensional. PCA 
can't be executed to 3-dimensional structures as it's miles intrinsically bilinear [25]. Whenever unfurled, the 
exhibit might be exposed to PCA, however loses its genuine three-dimensional shape. PARAFAC is 
equipped for work straightforwardly at the three-dimensional cluster and thus grab its genuine piece. 
An option in contrast to PARAFAC might be given the guide of the Tucker3 calculation, or, in other words 
more adaptable model of PARAFAC. The Figure 2 is showing the graphical representation of parallel factor 
analysis and also showing the decomposition of three dimentional data set array. This convert the higher 





Figure 2. Graphical representation of the factor analysis (left) and PARAFAC based data decomposition of a 
3 dimensional data array set (right) 
 
 
Similar to the other factor analysis methods the PARAFAC is a kind of data decomposition into 
factor that affects modality. Let F: number of factors with respect to the j th slice of the 2nd modality of the 





+ 𝐸𝐼×𝑗×𝑘                
                ISSN: 2088-8708 
Int J Elec & Comp Eng, Vol. 9, No. 5, October 2019 :  3441 - 3449 
3444 
𝐷𝑗s : diagonal matrix with such that the j
th row of D is along the diagonal.Similarly for a multi-dimensional 
data arrays 𝑋𝐼1×𝐼2×……..×𝐼𝑛 higher than 3rd order. 
Figure 3 shows the PARAFAC disintegration of the 3 dimensional information cluster in left 
contrasted with the relating parallel factor examination based decay of 3 dimensional information exhibit by 
unfurling the third mode into the second mode PCA can't be connected to three-dimensional information such 
cluster whenever exposed to the PCA loses its actual three-dimensional structure. The blunder minimization 
performed by exchanging minimum squares (ALS) approach. It iteratively gives the stacking grids A, B, and 
C by the calculation given beneath:  
1. Pick the quantity of parts, F(on the decision of F see next section)  
2. Introduce B and C  
3. Gauge A from X, B, and C by slightest square relapse to minimize the square of the mistake  
4. Gauge B and C in like manner.  





Figure 3. The PARAFAC decomposition of the 3 dimensional data array 
 
 
4. RESULTS AND DISCUSSION 
Every sensor reaction is spared as content document at testing recurrence pursues:  Segment first: 
Time, second: Temperature, 3rd : MICS 5521 records, 4th : MICS5135, fifth : TGS2602, sixth : TGS2600, 7th 
: TGS2611, eighth : TGS 2620. A Matlab code has been created to requests a dataset document, and imports 
the as indicated by the required length. This informational collection can be discovered online at 
http://mrpt.org/robotics_datasets.  
 
4.1. Data information 
For Acetone gas the information estimate is (9*4230*6) where the quantity of Column=9, 
information sample=4230 and utilized sensors=6 as appeared in figure of exploratory informational 
collection.  
For Propane gas information estimate is (9*6191*6) where the quantity of Column=9, information 
sample=6191 and utilized sensors=6 as appeared in figure of trial informational index.  
For Ethanol gas the information measure is (9*6807*6) where the quantity of Column=9, 
information sample=6807 and utilized sensors=6 as appeared in figure of exploratory informational 
collection.  
Sensors: MICS 5521= M1, MICS 5135= M2, TGS 2602= T1, TGS 2600= T2, TGS 2611= T3, TGS 
2620= T4  
From every one of the six sensors we are utilizing blend of three sensors to identify the gases.  
Acetone=A, Ethanol =E, Propane =P  
Good: - Distance between two gases bunches is large means detection is simple.  
Average: - Distance between two gases bunches is less yet can be distinguished.  
Poor: - Distance between two gases bunches is close/cover.  
The outcome assessment is performed to discover the execution of PARAFAC examination on the 
different sensor clusters. This procedure comprises of correlation of sensor set reaction for three gasses 
spared in database. The figure demonstrates every one of the means those are required in this exploration 
work at fires information is recorded and taken from the instrument the apply PARAFAC for just primary 
sensors after it compute change utilizing score and stacking plot at that point think about outcome as far as 
bunch covering as good, average, poor. The whole detection process of odor has been shown in Figure 4, this 
shows that how to get the results from input data set. Firstly we take raw data then we covert higher 
dimension data to lower dimension data using PARAFAC after that cluster analysis we get the data output in 
the form of score plot, loading plot, variance plot. 
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Figure 4. Whole process of detection for the proposed E-Nose system 
 
 
Scent information gathering has been completed for every one of the examples and trials with 
following smelling system steps: [0-20]sec: Initially the scent holder was kept shut and isolated from 
yearning for the first 20 seconds (pattern esteem), [20-30]sec: The jug was opened for these 10 seconds 
(stablization), [30-90]sec: At 30 seconds, the e-nose goal was brought close to the container, at a separation 
of 10cm and records for 60 seconds,  [90-X]sec: Finally source is taken away and e-nose left to come back to 
pattern state for 10 min preceding next chronicle. The Table 2 is diplaying the entire six sensor description 
regarding its detection material, operating voltage range, maximom resistance, and power required. 
 
 
Table 2. Description of each sensor 
Sensor Detection Material Voltage/RBase Power 
MICS 5521 CO, hydrocarbons (HC), and VOC. 5V DC,74Ω 76mW 
MICS 5135 CO, HC, ethanol, and VOC. 3.2V, 97Ω 102mW 
TGS 2602 Ethanol, Ammonia, Hydrogen, Toluene 5V DC,59Ω 15mW 
TGS 2600 Methane, Ethanol, Iso-butane, CO, Hydrogen 5V DC,83Ω 15mW 
TGS 2611 Methane, Ethanol, Iso-butane, Hydrogen 5DC,59Ω 15mW 
TGS 2620 Methane, Ethanol, Iso-butane, CO, Hydrogen 5 DC/AC,83Ω 15mW 
 
 
Figure 5 shows results for the three sensors MICS 5135, TGS 2600, and TGS 2620 (M2T2T4) 
utilizing PARAFAC. Figure 5(a) demonstrates record for the three sensors MICS 5135, TGS 2600, and TGS 
2620 (M2T2T4). In Figure 5(b) Acetone gas group lies in first and second section of PC2 and second and 
third portion of PC1. E1,E2,E3 are thickness group just in third fragment of PC1 and PC2 however bunch of 
P1,P2,P3 are covering both third and fourth section of PC1 and first and second portion of PC2. Along these 
lines each of the three sensors are fit for characterizing Propane and Ethanol gases and can segregate Acetone 
gas in an extremely well way from Propane and Ethanol. Consequently the three sensors exhibit are "great" 
in arranging (A to P) and (A to E) yet "Normal" in (P to E). In stacking plot (Figure 5(c)) TGS2602, 
TGS2600, MICS5135 are performing close however different sensors are laying in various zones henceforth 
they performing diversely for all gases and in Figure 5(d) the clarified variance for PC1 is 90.2 and for PC2 
is 97.7. The figure 6 is displaying all the 20 combination of variance plot and the minimum value of variance 










Figure 5. (a) Raw data plot of sensors, (b) Score plot of sensor array 
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Figure 6. Variance plot for all the combination (20 combinations) of three sensors using PARAFAC 
 
 
Figure 7 shows results for the three sensors MICS 5135, TGS 2600, and TGS 2620 (M2T2T4) 
utilizing PCA. Figure 7(a) demonstrates record for the three sensors MICS 5135, TGS 2600, and TGS 2620 
(M2T2T4). In Figure 7(b) Acetone gas cluster lies in 1st and 4th segment of PC2 and 3rd and 4th segment of 
PC1. E1,E2,E3 are density cluster in third  and 4thsegment of PC2 and third segment of PC1 but cluster of 
P1,P2,P3 are in 2nd segment of PC2 and 1st segment of PC1. Thus all three sensors are capable of classifying 
Propane and Ethanol gases and can discriminate Propane gas from Acetone and Ethanol. Thus the three 
sensors array are “Poor” in classifying (A to P) and (A to E) but “Average” in (P to E).In loading plot (Figure 
7(c)) TGS2602, TGS2600, MICS5135 are performing very close but other sensors are lying in different 
zones hence they performing differently for all gases and in Figure 7(d) the explained variance for PC1 is 










Figure 7. (a) Raw data record for the sensors, (b) Results using pca (M2tT2T4) score plot, 













































d Explained variance - not cross-validated
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Figure 7. (c) Results using pca (M2T2T4) loading plot, (d) Results using pca (M2T2T4) variance plot 
 
 
Sensors:  MICS 5521=M1, MICS 5135= M2, TGS 2602=T1, TGS 2600= T2, TGS 2611=T3, TGS 
2620= T4. The table 3 is showing all the 20 combination of sensors used in Electronic nose. From all six 
sensors we are using combination of three sensors to detect the gases. In Table 4 performance of all sensors 
array of size 3 sensor devices are summarized. Here we have got 20 sensors set combination by using three 
sensors out of 6 sensors. Sensors results are taken in terms of good, average, poor, non-overlapping of any 
two gases on the two dimensional principle component axes observe from the score plot PARAFAC analysis. 
It has been observe that minimum variation index. For array of the sensors the variation index is found to be 
reduce that is 88.9 to 90.2 along PC1 and 97.7 to 99.7 along PC2. The best performance in three sensor set is 
observed for array (M2T2T4). It is showing good classification in AP and EA and average for PE. Hence the 
optimum sensor set is found to be array of three sensors that is M2T2T4. Thus it validate that it is not 
necessary that we will get higher accuracy by large number of sensor array. Performance can be improved 
even small number of sensors but of specific combination. 
In Table 4 performance of all sensors array of size 3 sensor devices is shown. There are 20 sensors 
set combination by using three sensors out of 6 sensors but as above shown M2T2T4 is best using 
PARAFAC but here we are using PCA so the results are not good. Sensors results are taken in terms of good, 
average, poor, non-overlapping of any two gases on the two dimensional principle component axes observe 
from the score plot PCA analysis (Figure 7(b) score plot). It has been observe that minimum variation index 
is 99.6 and maximum is 99.9. 
 
 
Table 3. Results for the combination of THREE sensors Using PARAFAC 
Sr.No. Sensors 
Acetone  & 
Propane 
Propane  & 
Ethanol 
Ethanol &  
Acetone 
Value On Pc1 Value On Pc2 
1 M1M2T1 Good Average Average 93.5 Y=99 
2 M1M2T2 Good Average Poor 88.9 98.8 
3 M1M2T3 Good Average Good 93.4 99.7 
4 M1M2T4 Good Average Good 91.3 99.8 
5 M1T2T3 Good Poor Average 94.1 98.5 
6 M1T1T2 Good Average Poor 97.6 99.1 
7 M1T3T4 Good Poor Average 99.6 99.9 
8 M1T1T3 Good Average Poor 97.5 99.6 
9 M1T1T4 Average Good Average 96 99.6 
10 M1T1T4 Good Average Average 96.1 99.8 
11 M2T1T2 Good Good Average 93.2 98.3 
12 M2T3T4 Good Average Good 95.4 99.8 
13 M2T1T3 Good Average Good 93.8 98.9 
14 M2T1T4 Good Average Average 91.7 98.7 
15 M2T2T4 Good Average Good 90.2 97.7 
16 M2T2T3 Good Average Good 92.5 98 
17 T1T2T3 Good Average Good 96.5 99.1 
18 T2T3T4 Good Average Average 97.9 99.7 
19 T1T2T3 Good Average Poor 94.9 99 
20 T1T3T4 Good Average Average 97.6 99.7 
 
 
Table 4. Results of combination of THREE sensors Using PCA 
Sr.No. Sensors 
Acetone  & 
Propane 




Value On Pc1 Value On Pc2 
1 M2T2T4 Poor Average Poor 99.6 99.9 
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5. CONCLUSION 
The genuine accomplishment of the sensor organize innovation depends for the most part on its 
application in destroying a destructive circumstance or in keeping up a decent one. Air quality checking is an 
imminent application area which is of specific incentive to our nation. Expansive urban communities with 
high grouping of industry, escalated transport systems and high populace thickness are real wellsprings of air 
contamination. Here we have finished up the all information identified with sensors and the charts those are 
profitable for this work. Presently we can state that by utilizing three sensors we can give the less difference 
and minimal effort instead of utilizing six sensors. All the sensor mix given above however just MICS 5135, 
TGS 2600 TGS2620 mix (M2T2T4) give the best outcome in regard of gas discovery of gases as CH3)2CO 
gas in an extremely well way from Propane and Ethanol. Subsequently the three sensors exhibit are "good" in 
ordering (A to P) and (A to E) however "Average" in (P to E).In stacking plot TGS2602, TGS2600 are 
performing close yet different sensors are lying in various zones henceforth they performing diversely for all 
gases and in Fig 5 (d) the clarified variance change for PC1 is 90.2 and for PC2 is 97.7.So it is giving best 
outcomes utilizing PARAFAC. However, utilizing PCA M2T2T4 isn't giving great outcomes. So we can 
presume that rather than 6 sensors just 3 sensors set mix give best outcomes utilizing PARAFAC however 
not with PCA. As compare with PARAFAC for PCA have poor results on using same number of sensors. So 
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